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A B S T R A C T

A Fabry-Perot (FP) fiber optic sensor utilizing ferrofluid nanomaterials is proposed for magnetic field mea
surements. A magnetic sensitive adhesive (MSA) is synthesized through the homogeneous blending of ferrofluid 
and UV glue, serving as a magnetic field-sensing material and adheres to the neatly cut single-mode fiber (SMF) 
surface to form a FP interferometer. With the increase of the magnetic field, the MSA cavity is subjected to the 
magnetic force, which causes the elongation of the MSA cavity and induces to the wavelength drift of the 
reflection spectrum. Experimental results show that the magnetic field sensor exhibits a sensitivity of up to 6.12 
nm/mT within the range of 1 to 4 mT, with high linearity and low temperature crosstalk. The sensor’s compact 
structure, facile manufacturing, and adaptability render it suitable for detecting slit leakage magnetic fields and 
high-precision magnetic fields.

1. Introduction

Magnetic fields, as a crucial metric in physical parameters, find 
widespread application in various domains such as aerospace, medical, 
electric power industry, and architecture [1,2]. Due to the prevalence of 
optical fibers, magnetic field sensors (MFSs) based on various interfer
ence principles have garnered researchers’ attention. In comparison to 
electronic MFSs, optical fiber sensors offer advantages such as 
compactness, stability, robustness, and corrosion resistance. Types of 
magnetic field optical fiber sensors include Surface Plasmon Resonance 
(SPR) [3–5], Mach-Zehnder Interferometer (MZI) [6–8], fiber gratings 
[9–11], and Fabry-Perot Interferometer (FPI) [12–14]. SPR structures 
typically necessitate the excitation of plasmon resonances on metal 
films, requiring precise control over the thickness of the metal film. MZI 
structures involve processes like tapering [15,16], bending [17,18], and 
offset fusion splicing [19,20], significantly compromising the mechan
ical strength of the structure. Fiber gratings require laser inscription, 
making the structure fragile and prone to breakage. The FPI structure, 
with its compactness and straightforward fabrication, is suitable for 
scenarios involving narrow gaps or magnetic field leakage.

Optical fibers, composed of materials such as silica or plastic, exhibit 
immunity to the influence of magnetic fields. Their responsiveness to 

magnetic fields comes from the synergistic combination of functional 
materials and various structures. Magnetic-sensitive materials applied to 
optical fibers can be categorized into three types: magnetostrictive 
materials, magneto-refractive materials, and magneto-rheological ma
terials. Magnetostrictive materials undergo alterations in length under 
the influence of a magnetic field. Combining this effect with the optical 
fiber’s sensitive structure effectively reflects the magnetic field. In 2021, 
Peng et al. [11] combined the Terfenol-D as magnetostrictive material 
with a Fiber Bragg Grating, achieving a structure sensitivity of 9.83 pm/ 
mT. Despite directed manipulation of magnetic domains, the limited 
length variation due to the magnetostrictive effect resulted in a minor 
change in the grating period, leading to lower sensitivity. In 2023, Xu 
et al. [21] integrated a Terfenol-D bar with the FPI. The Fabry-Perot 
cavity responds sensitively to changes in cavity length, yielding a 
sensitivity of 811.53 pm/mT. However, its dimensions are approxi
mately 3 cm constrained by the length of the Terfenol-D bar. Magnetic 
field sensors employing magnetostrictive materials are constrained by 
the inherent properties of these materials, often resulting in larger di
mensions and lower sensitivity. Consequently, there has been wide
spread application of magneto-refractive materials in diverse structures 
to fabricate fiber-optic sensors in recent years.

Magnetic fluid (MF), primarily employed as a magneto-refractive 
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material, consists of ferromagnetic nanoparticles, surfactants, and dis
persants [22,23]. The disordered magnetic nanoparticles in the MF form 
uniformly distributed magnetic chains under the magnetic field, causing 
a change in the refractive index of the MF. In 2023, Ding et al. [8]
combined ferrofluid with a balloon-like interferometer, which is sensi
tive to changes in refractive index [24,25]. Utilizing the magneto- 
refractive effect, a sensitivity of 0.683 nm/mT is achieved in the range 
of 0 to 10 mT. The device is simple to fabricate and has dimensions of 
approximately 8 mm. Zhao et al. [26] integrated ferrofluid with the FPI, 
exploiting the MF’s magneto-volume effect to attain a sensitivity of 
− 4219.15 pm/Gs, with a sensing head length of 50 μm. Duan et al. [27]
filled the FP air cavities with MF and polydimethylsiloxane (PDMS) for 
temperature and magnetic field detection, whose magnetic field in
tensity sensitivity raised to − 2245 pm/mT. For this structure, due to the 
small volume of the MF, precise filling and stable encapsulation pro
cesses are required to avoid the risk of leakage. In contrast to MFs, 
magnetic rheological elastomers, initially a viscous liquid during fabri
cation, solidify after encapsulation, significantly enhancing structural 
stability and mechanical strength. Comprising ferromagnetic particles 
and a soft base material, magnetic rheological elastomers undergo vol
ume changes under the influence of a magnetic field and revert to their 
original state after the field is removed.

In this work, a magnetic sensitive adhesive (MSA) with UV glue as 
the base material and MF as the dopant for magnetic field sensing, 
combined with SMF to fabricate a FPI magnetic field sensor. Due to the 
molecular tension on the surface of the droplet, the liquid-like MSA 
forms a smooth MSA cavity on the end face of the SMF. For the quality of 
FPI reflection spectrum, FPI with different doping concentrations and 
different lengths were made and their reflection spectra were measured 
and compared. The experimental results show that the sensitivity of the 
sensor is − 6.12 nm/mT in the range of 1mT to 4mT. In addition, the 
sensor has good stability, and has low temperature cross sensitivity, 
which makes it an attractive solution in the field of high sensitivity 
magnetic field measurement.

2. Fabrication of FPI and measurement principle

A schematic diagram of the fabrication of the FPI sensor was illus
trated in Fig. 1. The MSA was made by mixing MF and UV glue in a 
certain ratio as is shown in Fig. 1(a). This mixture was stirred and then 
sonicated in an ice-water mixture for 1 h. Subsequently, a cut fiber 
(SMF1) was immersed in the MSA, resulting in the formation of spherical 

MSA droplets on the end face of SMF1 due to liquid molecular tension, as 
shown in Fig. 1 (d). The SMF1 with MSA end face was moved by fusion 
splicer to touched another cleaved fiber (SMF2), which makes the FPI 
(Fig. 1(e)(f)). The FPI was cured by exposure to a UV lamp for 30 min in 
Fig. 1(g). To safeguard the fabricated sensing head from environmental 
erosion, a capillary tube was affixed to the outside of SMF2 and secured 
with UV glue for encapsulation of the sensing head. The microscopic 
picture after encapsulation was presented in Fig. 1(h). FPIs with 
different MSA cavity lengths are fabricated by controlling the end face 
contact time in Fig. 1(e).

The sensing system comprises an ultra-wideband light source 
(UWLS, Golight), a spectrum analyzer (OSA, Yokogawa, AQ6370D), a 
circulator, and the FPI structure. The light emitted by the UWS enters the 
FPI through the circulator, and the output spectrum is collected and 
displayed by the OSA. Due to the presence of the MSA cavity, the light 
entering the FPI passes through two reflecting mirrors, namely M1 and 
M2, exciting two beams of reflected light, as shown in the inset of Fig. 2. 
The interference spectrum of the Fabry-Perot cavity is formed by the 
interference of the two reflected lights, which is expressed as [17]

I = I1 + I2 + 2
̅̅̅̅̅̅̅̅
I1I2

√
cos(4πnMLM/λ1)

I1 = R1, I2 = (1 − R1)
2
(1 − rM)

2R2
(1) 

Where I1 and I2 are the reflection intensity of M1 and M2, rM is the 
transmission loss of MSA cavity. nM is the effective refractive index of the 

Fig. 1. Fabrication of the fiber sensor.

Fig. 2. Schematic diagram of the fiber sensor system.
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MSA, LM is the length of the MSA cavity, and R1, R2 are the reflectivity of 
M1 and M2, respectively, which is calculated by R1 =

[(nSMF − nM)/(nSMF + nM) ]
2
, R2 = [(nM − nair)/(nM + nair) ]

2. The reso
nant dip is satisfied 

4πnMLM/λm = (2m + 1)π,m = 0, 1,2... (2) 

Where m is the order. As the external inductive magnetic field increases 
to B0, the MSA tip is subjected to the magnetic field force leading the 
elongation of MSA, which is described by [28]

ΔLM = −
7 − 4v

4G(7 + 5v)

[

(μr − 1)2
+

Δb
μ0

]
3B2

0

μ0(μr + 2)2 (3) 

Where v is the Poisson ratio, and G=G0 (1 + 2.5φ + 14.1φ2) is the shear 
modulus. Here G0 is the shear modulus of the pure polymer and φ is the 
volume fraction of magnetic particles. μ0 and μr are the magnetic 
permeability of vacuum and the relative magnetic permeability of the 
MSA material. Coefficients Δb represents the normal components of 
strain. As a result, the mirror M2 moves to M2′, causing the drift of the 
resonant dip, as is expressed in Eq. (4). 

Δλm = 4πnMΔLM/(2m + 1) (4) 

In Eq. (4), the relationship between the length change and the shift in 
resonant dip is evidently linear. Consequently, the magnetic field can be 
determined by monitoring the variation in the resonance dip in the 
reflection spectra as follows 

Δλm = KΔB (5) 

Here, K is the sensitivity of magnetic field. ΔB is the variation of the 
external inductive magnetic field. The drift of the resonant dip is related 
to the free spectral range (FSR), which is the distance between two 
resonant dips and is defined by FSR = λm+1 − λm = λm+1λm/2nMLM. 
Notably, the FSR depends on the length of the MSA cavity. The 
observable change in MSA cavity length is more pronounced with 
increased magnetic field, a phenomenon influenced by the proportion of 
doped magnetic particles in the substrate, thereby defining the mass 
fraction of MF within the MSA 

α =
ωMF

ωmix
× 100% (6) 

Here, ωMF,ωmix represent the mass of MF and mixture, respectively. For 
MSA, a higher ratio of magnetic particles enhances the magnetic 
response. However, an excessive amount of magnetic particles lead to an 
uneven end face of the FPI [29], impacting the quality of the reflection 
spectrum.

3. Experimental results and discussion

3.1. The length and concentration of MSA

In pursuit of an optimal reflection spectrum, we tested a series of FPIs 
with MSA to ascertain the most effective configuration. The MSA was 
made by mixing UV glue (Ergo 8500, Kisling) and water-based MF 
(EMG605, Ferrotec Inc.). The refractive index of UV glue is 1.4826, 
measured by Abbe refractometer (WAY-2WAJ, Lichen). The elastic 
modulus and Poisson’s ratio of materials were measured using electronic 
universal testing machine (MTS E44.304) using middle parallel section 
size of 12 mm × 2 mm × 1 mm. The Elastic modulus and Poisson’s ratio 
are 6.74 MPa and 0.145. The magnetic particle concentration and 
density of water-based MF are 3.9 % and 1.18 × 103 kg/m3, respectively. 
As is shown in Eq. (3), the elongation of MSA is dependent on the volume 
fraction φ. Hence, the relationship between elongation of MSA and φ is 
displayed in Fig. 3. The parameters are μ0 = 1, μr = 1.18, and Δb = 1 ×
10-4. In Fig. 3, the elongation of MSA has an opposite trend with increase 

of φ at same inductive magnetic field. The fastest decreasing curve is the 
volume fraction φ = 0 %. However, the relative magnetic permeability 
disappears in this case. Hence, the α value of MSA is fabricated as small 
as possible.

Various FPIs were prepared, each characterized by different mass 
fractions and lengths of the MSA. Specifically, the α values for these FPIs 
were 49.9 %, 40.1 %, 29.7 %, 16.7 %, 9.1 %, and 1.6 %, and the cor
responding lengths of MSA were 11.5 μm, 21.5 μm, and 43 μm. The 
resultant reflection spectra are depicted in Fig. 4.

In Fig. 4, all the FPIs show spectral periodicity. As depicted in Fig. 4
(a), for MSA with mass fraction (α) of 49.9 %, the amplitude of reflection 
intensity of FPIs with cavity lengths of 11.5 μm, 21.5 μm and 43 μm is 
about 5 dB. According to Fig. 4(b), the reflection spectra of different 
lengths manifest insufficient smoothness, with a noticeable jitter phe
nomenon occurring in the resonant dip, impeding the identification of 
the resonant dip. Conversely, the reflection intensity of FPIs with three 
lengths are uniform, and the position of resonant dip is relatively 
obvious in Fig. 4(c)(d). In Fig. 4(e), for MSA with α = 9.1 %, the 
reflection amplitude of FPI with cavity length 43 μm is less than 4 dB, 
and the amplitude difference between FPI with cavity length 11.5 μm 
and 21.5 μm is large. For α = 1.6 % (Fig. 4(f)), the intensity amplitude is 
less than 4 dB, which is close to the reflection spectrum of UV glue. As a 
result, mass fraction α = 29.7 % and 16.7 % were chosen for further 
experiments. The number and parameters of the fabricated FPIs are 
shown in Table 1.

3.2. Optimization of measured spectra

To minimize the location error of the resonant dip, we perform Fast 
Fourier Transform (FFT) analysis on the reflection spectra in Fig. 5. 
Taking Sample B1 in Fig. 4 (d) as an example, the FFT analysis of the 
spectra before and after FFT filtering is shown in Fig. 5(a). There is a 
main peak appearing around 0.01 nm− 1 in the figure. The reflection 
spectrum around the bandwidth of the main peak is extracted and used 
as a measurement based on the FFT analysis. After the filtering process, 
the FFT analysis of the filtered spectrum reveals only a predominant 
peak at 0.01 nm− 1, and the corresponding spectrum, as indicated by the 
red line in Fig. 5(b), is noticeably smoother. And the FSR of original and 
filtered spectra are both 100 nm, which is consistent with FFT peak 0.01 
nm− 1.

Furthermore, the filtered spectra affect the measurement results as is 
shown in Fig. 6. The sensitivity of the original reflection spectra is 
− 1.636 nm/mT and the linearity is 0.9068 in the range of 1mT to 9 mT. 

Fig. 3. The elongation of MSA with increasing inductive magnetic field in 
different φ.
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However, after FFT filtering, the sensitivity is − 1.56 nm/mT, and the 
linearity is 0.94289. The sensitivity after FFT filtering is lower than the 
sensitivity without filtering, but the linearity is increased. Therefore, 
FFT filtering of the collected spectrum can restore the linearity of the 
sensor and remove the noise in the spectral signal to a certain extent. As 
for the measured spectra have some slight burrs (Sample A1), the burrs 
affect the tracking of resonant dip, which is shown clearly in Fig. 7 (c). 
FFT filters out some useless noise, makes the spectral data smoother, and 
facilitates tracking the position of dip.

3.3. Magnetic field measurement

For the magnetic field experiment, the structure was positioned be
tween the poles of two permanent magnets, resulting in an almost uni
form magnetic field. The magnetic field is changed by adjusting the 
distance between the two permanent magnets, and is calibrated in real 
time using a Gaussian meter (HT20, Shanghai Hengtong). The detect 
range of the Gaussian meter is between 0 mT and 200 mT, whose res
olution is 0.1mT. The saturation magnetization of thin films magnetic 
fluid is 10 mT [12]. A range of magnetic field from 1 mT to 9 mT was 
applied to the sensing probe, yielding nine sets of magnetic field mea
surements at intervals of 1mT. The shift of the resonant dip reflects the 
change of the magnetic field. To ensure measurement accuracy, the 
ambient temperature was kept at 20 ◦C, and the spectra were recorded 
after the magnetic field was stabilized for 5 min before each 
measurement.

For FPIs with MSA mass fraction α of 29.7 %, the reflection spectra 
shown in Fig. 8 are obtained after FFT filtering of the collected reflection 
spectra. Fig. 8 (a) to (c) all show that the MSA cavity length increases 
and the resonant dip shifts to short wavelength as the magnetic field 
strength increases, which is consistent with the aforementioned 

Fig. 4. Reflection spectra of FPI in (a) α = 49.9 %, (b) α = 40.1 %, (c) α = 29.7 %, (d) α = 16.7 %, (e) α = 9.1 %, (f) α = 1.6 %.

Table 1 
Number and parameters of the fabricated FPIs.

Number LM (μm) α (%)

A1 11.5 29.7
A2 21.5
A3 43
B1 11.5 16.7
B2 21.5
B3 43

Fig. 5. (a) FFT analysis of original and filtered reflection spectra. (b) Corresponding reflection spectra.
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Fig. 6. (a) Original and (b) FFT filtered reflection spectra of B1. (c) Corresponding sensitivities.

Fig. 7. (a) Original and (b) FFT filtered reflection spectra of A1. (c) Corresponding sensitivities.

Fig. 8. Reflection spectra of (a) A1, (b) A2, and (c) A3; (d) relations between resonant dip and magnetic field for A1, A2, and A3.
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analysis. The resonant dip of A1, A2, and A3 are linearly fitted to the 
magnetic field to obtain Fig. 8 (d).

In Fig. 8 (d), within the range of 1 mT to 9 mT, the sensitivities of A1, 
A2 and A3 are − 0.49 nm/mT, − 1.34 nm/mT, and − 1.41 nm/mT, with 
corresponding linearities of 0.95, 0.99, and 0.92, respectively. As the 
cavity length increases from 11.5 μm to 43 μm, the number of doped 
magnetic particles in the MSA cavity length increases, the amount of 
wavelength shift greatly increases, and the ability of the sensor to sense 
the magnetic field increases.

For the MSA cavity with α = 16.7 %, the reflection spectra of the FPI 
of all three lengths are blue-shifted as the magnetic field increases. As 
the magnetic field increases from 1mT to 9mT, the resonant dips of B1, 
B2 and B3 shift from 1529.76 nm, 1579.68 nm and 1583.04 nm to 
1516.56 nm, 1561.04 nm and 1551.44 nm, respectively. Through linear 
fitting analysis of the resonant dip shift against its corresponding mag
netic field, the resulting relationship is illustrated in Fig. 9(d). Within the 
magnetic field range of 1 mT to 9 mT, the magnetic field sensitivity of B1 
is − 1.56 nm/mT. For B2 and B3, the drift of resonant dip decreases as 
the magnetic field increases. The magnetic field sensitivity of B2 is 
− 2.67 nm/mT in 1 mT~7 mT. The FSR of B3 is 18.32 nm in wavelength 
range of 1550 nm and 1580 nm as is shown in Fig. 9(c). To accurately 
capture the spectral shifts and to account for the magnetic field’s impact, 
the detection range is divided into two segments: 1mT to 4mT and 5mT 
to 9mT. The magnetic field sensitivities of B3 are − 6.12 nm/mT in 1 
mT~4 mT, and − 2.53 nm/mT in 5 mT~9 mT, respectively. Addition
ally, the minimum resolution of OSA is 0.02 nm. Combined with its 
inherent value, the minimum resolution attainable by the sensor in 
quantifying magnetic field can be determined through the utilization of 
the following equation. 

ΔH =
0.02 nm

6.12 nm/mT
= 0.00033 mT (7) 

3.4. Temperature cross-sensitivity of the proposed FPI

As both UV glue and MF are responsive to temperature, the proposed 
FPI structure may be affected by temperature variations. To assess this, 
we conducted measurements on the B3 using a thermostat within the 
temperature range of 29.2 ◦C to 49.2 ◦C. The resulting reflection spec
trum of its temperature response is presented in Fig. 10(a), accompanied 
by the corresponding curve fitting in Fig. 10(b). According to Fig. 10(b), 
the temperature sensitivity of the B3 is determined to be 282.72 pm/℃. 
Considering the magnetic field sensitivity of the structure as 6.12 nm/ 
mT and 2.53 nm/mT, the estimated temperature cross-sensitivity of the 
sensor are approximately 0.046 mT/◦C (0.28/6.12 = 0.046) and 0.11 
mT/◦C (0.28/2.53 = 0.11). This suggests that temperature has minimal 
impact on the accuracy of the magnetic field measurements using this 
sensor.

3.5. Stability and repeatability

The stability of the FPIs is recorded for 30 min when the magnetic 
fields stabilized at 7 mT, and the results are shown in Fig. 11. In Fig. 11, δ 
represents the maximum wavelength drift, and σ denotes the standard 
deviation of the test. Fig. 11(a) and (b) display the short-term test results 
for samples A1 to A3 and B1 to B3, respectively. The test reveals that 
over a 30-minute period, the maximum resonant wavelength drift for A1 
to A3 are 0.08 nm, 0.08 nm, and 0.04 nm, corresponding to magnetic 
field changes of 0.0392 mT, 0.1072 mT, and 0.0564 mT, respectively. 
For B1 to B3, the maximum resonant wavelength drift is consistently 
0.12 nm, with corresponding magnetic field changes of 0.1872 mT, 
0.3204 mT, and 0.7344 mT. The standard deviation for each sample’s 
test results is calculated, with A1 to A3 having standard deviations of 
0.0163 nm, 0.031 nm, and 0.031 nm, and B1 to B3 having standard 

Fig. 9. Reflection spectra of (a) B1, (b) B2, (c) B3; (d) relations between resonant dip and magnetic field for B1, B2, and B3.
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Fig. 10. (a)Reflection spectra of B3 in different temperatures. and (b) Linear fitting of dip.

Fig. 11. Stability of the sensing system.

Fig. 12. The side views of B3 (a) before and (b) after a month, (c)the spectra of B3.
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deviations of 0.0476 nm, 0.0490 nm, and 0.0503 nm, respectively.
Furthermore, considering the potential degradation risk of MSA 

materials, Fig. 12 illustrates the side views of the B3 structure in a 
month. The views indicate that the shape of the MSA structure remains 
unchanged. The corresponding spectra of the structure before and after 
one month are shown in Fig. 12 (c). After one month, the free spectral 
range of the spectrum changes from 11.76 nm to 13.84 nm, and the 
resonant wavelength position changes from 0.04 nm.

Fig. 13 illustrates the magnetic response of the proposed sensor 
during both increasing and decreasing magnetic field cycles. The 
maximum deviation of the magnetic sensitivity is ± 0.33 nm/mT, with 
an average magnetic sensitivity of 6.00 nm/mT. The repeatability error 
is quantified at ± 5.5 %.

3.6. Comparation with other sensors

The proposed sensor is compared with some recent studies in terms 
of sensitivity, range, size and fabrication complexity in Table 2. The 
sensitivity of the SPR sensor [3031] is reported at 1.10 nm/mT and 1.56 
nm/mT, respectively, whereas the lengths are longer than that of the 
proposed sensing head. Additionally, the SPR sensor in [23] necessitates 
coating treatment and sealing of the MF, introducing the risk of leakage. 
Also, the SPR structure requires grinding of the optical fiber and metal 
coating, which makes the fabrication cost of the sensor greatly 
increased. The cladding-etched long-period grating [32] boasts a higher 
magnetic field sensitivity compared to the proposed FPI, but its opera
tional range is more restricted due to its length. And the production 
process of LPG in [32] is complex, and the rate of defective products may 
be high. Balloon-like interferometers [8], while easy to fabricate, exhibit 
a lower magnetic field sensitivity than the proposed structure. The 
magnetic PDMS FPI [14] achieves a sensitivity of 563.2 pm/mT with a 
reduced size of 1 mm. Compared to PDMS, UV glue not only features a 
shorter curing time but also exhibits lower temperature sensitivity. It is 
noteworthy that Fe3O4 nanoparticles in MF possess favorable magnetic 
responsiveness, which are more suitable for fabricating magnetic sen
sitive materials.

The fiber tip cantilever structure [33] is intricate, involving two- 
photon beam printing and incurring high costs. The FPI sensor in [34]
is both sensitive to magnetic field and compact, yet it carries the risk of 
MF leakage. The fiber Bragg grating with a Terfenol-D bar [10] achieves 
sensitivity at 9.83 pm/mT in range from 0 mT to 140 mT, demonstrating 
insensitivity to slight variation of magnetic field. However, this config
uration may encounter limitations in restrictive detection environments, 
such as slits. The grating structure [35] has low mechanical strength, 
and the sensitivity is 0.2186 nm/mT, which is far lower than the pro
posed structure. Compared to [36], the proposed structure has a 
compact structure. The proposed sensor, with an excellent cost- 
performance ratio, excels in magnetic field detection with its efficient 
capabilities and cost control. Its features of easy manufacturability, low 
production cost, high sensitivity, compact size, and simple structure 
ensure its widespread application scenarios.

4. Conclusion

A FPI sensor utilizing a MSA is proposed, where the MSA composes a 
blend of MF and UV glue. The MSA can be completely cured after only 
half an hour of irradiation with UV lamp. The sensing head is fabricated 
by dip the neat SMF end face in MSA, which is simple to fabricate and 
low-cost. Since this MSA cavity contains magnetic particles, when the 
external magnetic field strength increases, this MSA cavity will elongate 
and cause the wavelength shift of the reflection spectrum of the FPI. The 
sensor has a magnetic field sensitivity of 6.12 nm/mT in the range of 
1mT~4mT. Furthermore, the sensor exhibits excellent stability, with a 
temperature cross-sensitivity of only 0.046 mT/◦C. The structure offers 
distinct advantages in detecting magnetic leakage and slits.
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Fig. 13. Repeatability of the sensing system.

Table 2 
Comparisons of optical fiber magnetic field sensors.

Measurement 
Configuration

Magnetic Field 
Sensitivity 
(nm/mT)

Range 
(mT)

Length 
(μm)

Fabrication 
Complexity

SPR with MF [30] 1.10 6.2 ~ 
16.3

125 Complex

SPR with MF [31] 1.56 0 ~ 
6.03

15,000 Complex

Balloon-like 
Interferometer [8]

0.683 0 ~ 10 14,000 Easy

Cladding-etched long 
period grating [32]

44.69 3 ~ 7.4 16,560 Complex

Magnetic PDMS FPI 
[14]

0.5632 0 ~ 4 100 Easy

Fiber-Tip 
Microcantilever 
[33]

0.119 0 ~ 90 50 Complex

Fiber Tip with MF 
[34]

1.54 1 ~ 8 100 Complex

Fiber Bragg Grating 
with Terfenol-D 
[10]

0.00983 0 ~ 
140

45,000 Easy

Long Period Grating 
cascaded with FBG 
[35]

0.2186 1 ~ 8 500 Complex

Dual-Core Photonic 
Crystal Fiber with 
MF [36]

1.562 0–10 4000 Easy

This work 6.12 1 ~ 4 43 Easy
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[27] D. Šimić, A. Lang, M. Klüppel, Inductive and magnetorheological properties of soft 
and hard magnetic fillers in elastomers, Smart Materials and Structures 32 (12) 
(2023) 125016.
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